Congenital intrahepatic arteriovenous fistulae, a rare hepatic vascular anomaly, in an 8-mo-old female beagle dog was investigated. The animal showed anorexia, repeated vomiting, hemorrhagic diarrhea, and jaundice for approximately 2 wk. There was mild to severe increase of serum alkaline phosphatase, glutamic-oxalacetic transaminase, glutamic pyruvic transaminase, total cholesterol, total bilirubin, and &gamma;-glutamyl transpeptidase. Macroscopically, the main abdominal organs showed hemorrhagic edema together with bloody ascites. Other characteristic findings were severe hepatic atrophy (right medial, quadrate, left medial, and lateral lobes) with multiple vascular cysts and compensatory hypertrophy of the other lobes. The cystic vessels seemed to extend from the proper hepatic arteries and their branches but were indistinguishable from the portal vein. Histopathologically, the atrophied hepatic lobes were characterized by wide, fibrous septa containing severe hyperplasia and anastomosis of the arteriolae and venulae and proliferation of bile ducts.
INTRODUCTION
Congenital hepatic abnormalities, such as lobular absence or hypoplasia, supernumerary lobes, congenital cysts, diaphragmatic hernia (11, 14) , and biliary atresia (9) are rare in both laboratory and domestic animals. Hepatic vascular anomalies have been described as arteriovenous fistulae (6, 13, 17, 19) and vascular hamartomas (12, 15) , as well as portosystemic shunts (1, 4, 8, 10, (20) (21) (22) (23) . These vascular lesions tend to be congenital in young dogs, and the animals often reveal clinical hepatic hypofunction and encephalopathy (1, 3, 4, 21) . Therefore, in the assessment of chemically induced hepatotoxicity in routine toxicity studies, it is important to appreciate these spontaneous abnormalities in young dogs. This report describes a congenital intrahepatic arteriovenous fistulae between the hepatic artery and portal vein in a young laboratory beagle dog.
MATERIALS AND METHODS
Beagle dogs vaccinated against several pathogens (Dohyvacg 7, Kyouritsu, Japan) were purchased when 7-mo old from Ichiyanagi Farm (Shizuoka, Japan). The present case was an 8-mo-old female beagle dog, which had been housed in our laboratory for 1 mo during the medical inspection. The dog was housed individually in a stainless steel cage in an environment of 23 ± 2°C room temperature, 55 ::!: 5% relative humidity, and 12:12 hr lightdark sequence and was given a commercial dog diet (TC-1, Maruha Pet Food, Tokyo, Japan) of 300 g per day and water ad libitum. Food consumption was recorded daily and bodyweight weekly. The animal was checked for intestinal and blood parasites by flotation technique and blood smear method. Additionally, serum biochemical analyses, including serum total bilirubin (T-BIL), alkaline phosphatase (ALP), glutamic oxalacetic transaminase (GOT), glutamic pyruvic transaminase (GPT), y-glutamyl transpeptidase (y-GTP), lactate dehydrogenase (LDH), total cholesterol (CHOL), urea nitrogen (BUN), and creatinine (CREA), were conducted before sacrifice.
The animal was sacrificed under deep anesthesia by exsanguination from the cervical aorta. All hepatic lobes were examined histopathologically, and additional sections were stained with azan, elastica van Gieson, Berlin blue, oil red 0, and Stein's method and were immunostained for cytokeratin, vimentin, a-smooth actin, and oroliferatins cell nuclear antigen. 
RESULTS
Before arrival at our laboratory, the animal breeder recorded no clinical abnormalities or trauma, and the family history was unremarkable. Subsequent clinical abnormalities and bodyweights are shown in Fig. 1 . The dog had an abrupt onset of repeated vomiting and mild dehydration starting 2 wk after arrival, and gastrointestinal and hepatic disturbances such as hemorrhagic diarrhea and jaundice persisted over the next 2 wk. The dog gradually lost 1.2 kg with a decrease of food consumption during about 1 mo, after which blood-chemical analysis disclosed marked increases of ALP (4,515 mU/ml), GOT (186 mg/dl), and GPT (1,734 mU/ml). Though BUN (21 1 mg/dl), CREA (0.3 mg/dl), and LDH (98 mU/ml) were with in normal limits, T-BIL (16.1 mg/dl), y-GTP (49 mU/ml), and CHOL (580 mg/dl) increased mildly. The results of flotation technique and blood smear were negative for intestinal and blood parasites. Because of a poor prognosis owing to severe hepatargia, the dog was euthanatized and necropsied.
Grossly, 20 ml of bloody nonmucinous ascites were present, and the omentum, mesenterium, and small and large intestines were congested and/or hemorrhagic. The right medial, quadrate, left medial, and left lateral lobes of the liver were severely atrophic and dark greenish (Fig.  2 ). The atrophic lobes had numerous large tortuous and cystic vessels, especially on the visceral surface and the free border of the quadrate lobe (Fig. 2 ). These vessels seemed to extend from the proper hepatic arteries and their branches, but they were completely indistinguishable from the portal vein since their walls and the surrounding connective tissues were severely thickened around the porta of the affected liver. In contrast, the other lobes, such as the right lateral and caudate lobes, exhibited compensatory hypertrophy with multiple white spots but had no vascular abnormalities. Although the gall bladder was mildly ectatic with 17 ml of greenishblack bile, the fact that the bile flowed to Vater's papilla of the duodenum through the bile duct (ductus choledochus) was confirmed by pouring formalin-fixative into the bile duct. Pancreas and mesenteric lymph node were slightly edematous and hemorrhagic, and positional and vascular abnormalities were not detected macroscopically in these tissues.
Histopathological findings in the right medial, quadrate, left medial, and left lateral hepatic lobes consisted of severe hyperplasia and anastomosis of the arteriolae and venulae (Fig. 3 ). Many proliferating vessels had ir- regularly thickened walls, characterized by varying degrees of subintimal fibromuscular proliferation and smooth muscular hyperplasia in the tunica media (Fig.  4a ). The vascular lumens often showed irregular dilatation and were either cystic due to filling with blood or narrow due to subintimal fibromuscular proliferation. Additionally, the vessels had some fragments of thrombi, which rarely recanalized, together with fragmentation and duplication of the internal elastic lamina (Fig. 4b ). With respect to the parenchymal changes, both bile ductal proliferation and sinusoidal fibrosis without inflammatory reaction were apparent in the periportal area and among the hyperplastic vessels (Fig. 5a ). The sinusoidal cells had a small amount of hemosiderin granules, positive for Berlin blue, and bile pigments, positive by Stein's method. Immunohistochemically, sinusoidal and perivascular fibromuscular cells were positive for vimentin and actin. for keratin and PCNA, hyperplastic smooth muscular cells were positive only for actin. On the other hand, though the compensatory hypertrophic lobes such as the right lateral and caudate lobes showed no vascular changes, diffuse fatty change ( Fig. 5b ) and nodular hyperplasia of the hepatocytes were detected, along with slight bile ductal proliferation and pigment deposition. Additionally, Vater's papilla of the duodenum, in particular, the orificium of the bile and pancreatic duct, exhibited hemorrhagic erosion, fibrosis, and neovascularization. There were no gross or histopathological abnormalities in other organs, including central nervous system, except for intestinal hemorrhage, pancreatic fibrosis with slight inflammation, and lymphadenitis of the mesenteric lymph node.
DISCUSSION
Our case possessed characteristic hepatic findings of nonneoplastic hyperplasia and anastomosis of the vascular structures, periportal fibrosis, and bile ductal hyperplasia in some hepatic lobes. Irregularly dilated and tortuous vascular anomalies of hepatic arteries and portal veins may be classified based on pathological features. The pathological features of the present case are consistent with intrahepatic arteriovenous fistulae (AVF), inclusive of canine hepatic vascular hamartoma (4, 6, 12, 13, 15, 17, 19) . Center and Magne (4) had studied 9 canine AVFs, but not in beagles, among 145 cases of portosystemic vascular anomalies. They reported that the AVFs tended to occur between the branches of the hepatic artery and the portal vein in young females and showed the same characteristic features as our AVF case. The right medial, quadrate, and left medial and lateral lobes of the canine, which were affected in our case, are fed by the right middle and left branches of the hepatic arteries and the left branches of the portal veins (7) . Such anatomical characteristics support a diagnosis of AVF between these vessels, with the formation of arteriovenous aneurysms in our case.
The etiologies of AVF include trauma, rupture of hepatic artery aneurysms, congenital defects (vascular hamartoma), hepatic vein obstruction, and cirrhosis with extreme portal hypertension (4, 6, 12, 13, 15, 17, 19) . The features of our present lesions strongly favored a congenital origin in view of the young age of the animal and the lack of a history of abdominal trauma. In addition, histopathological features suggestive of viral, bacterial, or parasitic infections and neoplastic lesions seen in acquired portosystemic shunts (2, 5, 18, 24) were not detected in our AVF case. Congenital AVF, as a result of a failure of the common embryologic capillary plexus to differentiate into arteries and veins, is thought to be the least common type of portosystemic shunt (4) . Other types of portosystemic shunts include persistent patent fetal ductus venosus, direct portal vein to caudal vena cava shunt, direct portal vein to azygos vein shunt, combination of the portal vein and caudal vena cava shunted into the azygos vein, left gastric vein to caudal vena cava shunt, portal vein hypoplasia or atresia with multiple secondary portosystemic shunts, and malformation of the caudal vena cava (1, 4, 8, 10, (20) (21) (22) . Moreover, AVF, portosystemic shunt, and microvascular portal dysplasia often coexist in the same cases (4, 17, 19) . It is especially noteworthy that our macroscopical and histopathological investigations, with careful attention to the vascularity of the abdominal organs, could corroborate either portosystemic shunts or portal dysplasia. Clinically, the shunt cases often have hepatic encephalopathy with neurolog-ical disturbances that include depression, disorientation, behavioral changes, seizure activity, or coma (1, 3, 4, 21) and with histopathological changes such as symmetrical polymicrocavitation of the brain (1, 21) . These clinical and pathological manifestations of the nervous system are related partly to the elevation of plasma ammonia (3, 4) . In our case, we did not perform an ammonia tolerance test since there were no signs of nervous system abnormalities in the dog.
Hepatic parenchyma adjacent to the fistulae in our case was characterized by marked bile duct hyperplasia, atrophy, and periportal fibrosis. It is suggested that these lesions occurred as a consequence of the abnormal blood supply to the affected lobules. Moreover, the effect of the vascular defects on the blood flow would lead to portal hypertension and subsequent ascites.
Hepatic vascular shunting, including AVF, does not induce tolerance to such drugs as methionine and certain tranquilizers (4, 16) . Additionally, the vascular hyperplastic lesions would rarely accompany drug-induced hepatic cirrhosis. Thus, in assessment of chemically induced hepatotoxicity, it would be of paramount importance to appreciate spontaneous vascular abnormalities in dogs of the same age as those often used in routine toxicity studies. Based on our search of the literature, we believe this beagle represents the first spontaneous case of AVF in laboratory animals.
